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�$Bt$t�� 8s$t�s$t$t� sZI$� ��s$jR $t 8�I$s {B88��{�� stI {B}k }�B��{�$Bt �Y�BZ�Y �Y� I�%�jB}8�t� BP I$�$�sj
bs���8s�,$t� ��{YtBjB�k�  k �8A�II$t� ,�k $tPB�8s�$Bt b$�Y$t �Y� 8�I$s $�R�jP� $� $R RsP� P�B8 {Bt��t� R�}s�sT
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!t� BP �Y� 8s$t BAR�s{j�R b$�Y$t �Y� Is�s Y$I$t� {B88Zt$�k YsR A��t I�%�jB}$t� s R{Y�8� bY${Y $R �BAZR�
�B }��{�}�Zsj {BI$t�� _��{�}�Zsj {BI$t� ��P��R �B �Y� jBRRk {B8}��RR$Bt BP 8Zj�$8�I$s R$�tsj Is�s ZR$t� YZ8st
}��{�}�Zsj 8BI�jR� �Y� {B8}��RR$Bt 8�{Yst$R8 $R AsR�I Bt �Y� }��8$R� �Ys� 8$tB� 8BI$h{s�$BtR BP �Y� R$�tsj
��}��R�t�s�$Bt b$jj tB� A� tB�${�sAj� $t �Y� I$R}jsk�I R$�tsj {Bt��t�� qY�R� 8BI$h{s�$BtR s�� $8}BR�I Bt �Y�
R$�tsj $t RZ{Y s bsk sR �B ��IZ{� �Y� tZ8A�� BP $tPB�8s�$Bt A$�R ��JZ$��I PB� R�B�s�� BP �Y� {Bt��t�� <Z8st
}��{�}�Zsj 8BI�jR s�� BP��t �Y�B���${sjjk stI �-}��$8�t�sjjk I��$%�I �B I����8$t� �Y� {Yst��R Bt s R$�tsj
bY${Y ��8s$t $8}��{�}�$Aj�� V IZsj$�k �-$R�R A��b��t �Y� }�BAj�8R BP }��{�}�Zsj {BI$t� stI Is�s Y$I$t�� �Y�
PB�8�� }�BAj�8 s���8}�R �B ��8B%� $���j�%st� stI ��IZtIst� $tPB�8s�$Bt P�B8 s R$�tsj� bY$j� �Y� js���� ZR�R �Y�
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3Z��Y�� sZ�YB� $tPB�8s�$BtU w7�tI {B���R}BtI�t{� �B _�]�D
_�]�U eT8s$jU {s8}$R$oZt$�B8sn�$�� q�j�}YBt�U Ln� (E xxd� �(E;
*���U eT8s$jU I��}so{B88��B�Bt�B��IZ� *�<�U eT8s$jU I$8$��$Ro{B88��B�Bt�B��IZ� V�W�U t��$oZt$�B8sn�$�

                                                                                                                                                                          

Security and Watermarking of Multimedia Contents IV, Edward J. Delp III, Ping Wah Wong,
Editors, Proceedings of SPIE Vol. 4675 (2002) © 2002 SPIE · 0277-786X/02/$15.00230
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�BAZR� Is�s Y$I$t� s� �Y$R }��}�B{�RR$t� R�s�� $t B�I�� �B }sRR B� �s� R$�tsj $tPB�8s�$Bt ��j$sAjk �Y�BZ�Y �Y�
{B8}��RR$Bt R�s��� qY� $tPB�8s�$Bt �Y�t {st A� ZR�I� sP��� {B8}��RR$Bt� $t B�I�� �B $8}�B%� R$�tsj hI�j$�k B�
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�Y� jZ8$tst{� {B8}Bt�t� BP �Y� $8s�� �B $8}�B%� �Y� R$�tsj hI�j$�k Z}Bt }BR�T{B8}��RR$Bt ��{BtR��Z{�$Bt PB�
s h-�I {B8}��RR$Bt �s�$B� G� 8s,� ZR� BP �Y� }B}Zjs� bs%�j��TAsR�I {B8}��RR$Bt sj�B�$�Y8 7_y<q�� RB �Ys�
Is�s Y$I$t� {st sjRB A� �&�{�$%�jk s{{B8}j$RY�I $t �Y$R 8Zj�$��RBjZ�$BtTj$,� IB8s$t�

!Z� tB%�j ��{Yt$JZ� �RR�t�$sjjk ��stRPB�8R s �$%�t {BjB� $8s�� $t�B �Y� Oy+ {BjB� R}s{� bY��� �Y� {Y�B8$T
tst{� $tPB�8s�$Bt $R RZATRs8}j�I stI �8A�II�I $t �Y� R�j�{��I {B8}Bt�t�R BP �Y� bs%�j�� IB8s$t BP �Y�
jZ8$tst{� {B8}Bt�t�� qY� �8A�II$t� R��s���k sR b�jj sR �Y� RZAAstIR �8}jBk�I PB� Is�s Y$I$t� }�B%$I� st
�&�{�$%� ��sI�TB& A��b��t $tPB�8s�$Bt {s}s{$�k stI �BAZR�t�RR� qY� ��RZj�$t� R$�tsj $R �Y�t }sRR�I �Y�BZ�Y �Y�
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{B8}��RR$Bt R{Y�8�R RZ{Y sR 7_y<q �Ys� s�� B}�$8$9�I PB� ��skR{sj� $8s�� {B8}��RR$Bt� 7$8Zjs�$Bt ��RZj�R
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yt �Y$R bB�, b� }��R�t� st s}}�Bs{Y �B $8}�B%� �Y� �^{$�t{k BP {B8}��RR$Bt Ak $t{B�}B�s�$t� Is�s Y$I$t�
}�$t{$}j�R� !t s js���� R{sj�� �Y� }��R�t��I bB�, s$8R �B� $t }s��� $t%�R�$�s�� �Y� {Bt��sI${�B�k }�B{�RR�R BP
Is�s Y$I$t� stI {B8}��RR$Bt $t B�I�� �B I��$%� $tR$�Y�R $t�B �&�{�$%� 8�stR �B 8���� �Y�8�

7}�{$h{sjjk� b� b$RY

T �B I�%�jB} s R$8}j� s}}�Bs{Y �B �tYst{� �-$R�$t� {B8}��RR$Bt sj�B�$�Y8R� $tR��sI BP ZR$t� s {Bs�R��
JZst�$9s�$Bt �sAj�� b� }�B}BR� �B $t{B�}B�s�� Is�s Y$I$t� �B s{Y$�%� �Y$R �Bsj�

T �B I�R$�t s {B8}��RR$Bt R{Y�8� $t bY${Y {BjB� $tPB�8s�$Bt $R X}$��kAs{,�I" Bt �Y� ��skR{sj� {B8}Bt�t�
�B }�B%$I� �Y� B}�$Bt BP %$�b$t� �Y� $tPB�8s�$Bt $t {BjB� B� sR s 8BtB{Y�B8� R$�tsj�

T �B {B8}s�� BZ� }�B}BR�I Is�s Y$I$t�TAsR�I {B8}��RR$Bt s}}�Bs{Y }�s{�${sjjk b$�Y 7_y<q� st �&�{�$%�
bs%�j��TAsR�I {B8}��RR$Bt sj�B�$�Y8�
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]BtR$I�� �Y� R$�tsj W(w?D bY${Y ��}��R�t�R st sZI$B R$�tsj� $8s�� B� %$I�B R�JZ�t{�� qY��� �-$R�R s Ps8$jk BP
PZt{�$BtR $t �Y� R�� _wW(D bY${Y s�� }��{�}�Zsjjk $I�t�${sj �B W(w?D� qYZR� $P W>w?D ; _wW(D �Y�t b� ,tBb �Ys�
W>w?D $R }��{�}�Zsjjk $I�t�${sj �B W(w?D�

yt $I�sj {B8}��RR$Bt �%��k }BRR$Aj� }��{�}�Zsjjk $I�t�${sj R$�tsj $R 8s}}�I �B �Y� Rs8� ��}��R�t�s�$Bt� qYZR�
sjj R$�tsjR $t �Y� R��_wW(D b$jj A� {Bjjs}R�I $t�B Bt� {B8}��RR�I R$�tsj� yt Is�s Y$I$t�� $tPB�8s�$Bt $R �8A�II�I
$t�B s YBR� R$�tsj W(w?D Ak 8BI$Pk$t� $� RB �Ys� �Y� ��RZj�$t� R$�tsj $R }��{�}�Zsjjk $I�t�${sj� �Y���PB�� �Y$R t�b
R$�tsj $R sjRB $t �Y� R�� _wW(D� y� �Y�t PBjjBbR �Ys� $I�sj {B8}��RR$Bt s}}j$�I �B s R$�tsj {Bt�s$t$t� Y$II�t
$tPB�8s�$Bt YsR �Y� �&�{� BP stt$Y$js�$t� �Y� I$R{���� Is�s�

<Bb�%��� $t }�s{�${�� {B8}��RR$Bt $R tB� {B8}j���jk �^{$�t�� �Ys� $R� �Y��� �-$R�R RB8� $���j�%st� $tPB�8s�$Bt
bY${Y YsR tB� A��t ��8B%�I� qY� tBtT$I�sj$�k {B8�R P�B8 �Y� {BtR��s$t� �Ys� �Y� {BI�� Ys%� R��Z{�Z��� stI
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sAB%�� PB� }�s{�${sj {B8}��RR$Bt tB� sjj R$�tsjR $t _wW(D s�� 8s}}�I �B �Y� Rs8� ��}��R�t�s�$Bt� qYZR� �Y���
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BZ�j$t�I sAB%� {BZjI A� s}}j$�I �B X}$��kTAs{," �Y� {Y�B8$tst{� {B8}Bt�t�R $t s {B8}��RR�I %��R$Bt BP �Y�
jZ8$tst{� $8s��� �Y�t RB8� }��PB�8st{� sI%st�s�� 8sk A� �R�sAj$RY�I� qYZR� b� }�B}BR� BZ� R{Y�8� sR s
}BRR$Aj� $8}�B%�8�t� �B �-$R�$t� s}}�Bs{Y�R bY${Y 8sk tB� }��PB�8st{� B}�$8sjjk� qY� sjRB YsR �Y� sI%st�s��
$t �Ys� �Y� {BjB� {Y�B8$tst{� $R �8A�II�I $t �Y� ��skR{sj�� RB �Ys� $� 8sk A� %$�b�I js��� �%�t $P {BjB� $R tB�
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qY� ��t��sj }�$t{$}j� A�Y$tI �Y� }�B}BR�I {BjB� $8s�� Y$I$t�TAsR�I {B8}��RR$Bt R{Y�8� $R I$R{ZRR�I $t �Y$R
R�{�$Bt� G$�Y ��P���t{� �B 3$�� d� j�� ZR {BtR$I�� s {BjB� $8s���>zd, z1H�

Two level
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Two level
DWT

Multiresolution
like wavelet

decomposition
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compression
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Q n nLL2 1 2[ , ]

Y n nemb[ , ]1 2

Y n ncomp[ , ]1 2

��

X n n[ , ]1 2

Y n n[ , ]1 2

I n n[ , ]1 2

Q n n[ , ]1 2

I n nLL2 1 2[ , ]

3$�Z�� dU ]B8}��RR$%� *s�s <$I$t� 7{Y�8� PB� ]BjB� y8s��R�

3$�R�� �Y� �$%�t $8s�� $R R}j$� $t�B $�R �Y��� {B8}Bt�t�R $t �Y� V {< {BjB� R}s{�� bY��� V >zd, z1H $R �Y�
jZ8$tst{� stI {>zd, z1H stI <>zd, z1H `B$t�jk ��}��R�t� YZ� stI Rs�Z�s�$Bt BP �Y� {BjB��

y� $R bB��Y tB�$t� �Ys� �Y� {YB${� BP �Y� {BjB� R}s{� bY��� �B }��PB�8 �Y� I�{B8}BR$�$Bt BP �Y� �$%�t {BjB�
$8s�� $R ��j�%st� �B �Y� }�BAj�8 b� Ys%� sII��RR�I� yt Ps{�� R$t{� BZ� �Bsj $R {B8}��RR$Bt� {BjB� R}s{�R� RZ{Y sR
�Y� pt4 R}s{�� bY��� �Y��� $R s R$�t$h{st� {B���js�$Bt A��b��t �Y� �Y��� {BjB� {B8}Bt�t�R RYBZjI A� s%B$I�I�
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PB� BZ� s}}j${s�$Bt� b� Ys%� ��RB���I �B R}j$� �Y� �$%�t {BjB� $8s�� $t�B $�R �Y��� {B8}Bt�t�R $t �Y�V {< {BjB�
R}s{�� bY��� �Y� V {BB�I$ts�� ��}��R�t�R �Y� jZ8$tst{� V >zd, z1H stI �Y� { stI < {BB�I$ts��R ��}��R�t� �Y�
{Y�B8$tst{� {B8}Bt�t�R {>zd, z1H stI <>zd, z1H ��R}�{�$%�jk� qY� { stI < {B8}Bt�t�R s�� ZR�I �B `B$t�jk
��}��R�t� Rs�Z�s�$Bt stI YZ��

qY� AstIb$I�YR BP �Y� jsR� �bB {B8}Bt�t�R s�� 8Z{Y R8sjj�� �Yst �Ys� BP �Y� jZ8$tst{� Bt�� qY$R $8}j$�R
�Ys� �Y� {Y�B8$tst{� {B8}Bt�t�R {st A� ��}��R�t��I Ak �Y�$� RZARs8}j�I %��R$BtR b$�YBZ� stk }��{�}�Zsj jBRR
BP JZsj$�k PB� �Y� ��{BtR��Z{��I $8s���

7�{BtI� b� Y$I� B� X}$��kAs{," �Y� {BjB� Is�s $t �Y� jZ8$tst{� {B8}Bt�t� RZ{Y �Ys� �Y� }��{�}�Zsj s}T
}�s�st{� BP �Y� jZ8$tst{� {B8}Bt�t� BP �Y� YBR� $8s�� $R tB� $8}s$��I� qY� �8A�II$t� $R }��PB�8�I $t �Y�
bs%�j�� IB8s$t R$t{� �Y� bs%�j�� ��stRPB�8 {st }�B%$I� AB�Y R}s�$sj stI P��JZ�t{k jB{sj$9s�$Bt bY${Y RZ$�R �Y�
A�Ys%$B� BP �Y� YZ8st %$RZsj RkR��8 w<z7D�d(� dd  k �s,$t� $t�B s{{BZt� �Y� <z7� b� {st `ZI${$BZRjk R�j�{�
�Y� ���$BtR BP �Y� jZ8$tst{� RZAAstIR �Ys� {st ��stR}s��t�jk Y$I� �Y� {Y�B8$tst{� {B8}Bt�t�R �&�{�$%�jk�

�B�� R}�{$h{sjjk� st Zt{Bt%�t�$Btsj �bBTj�%�j 8Zj�$��RBjZ�$BtTj$,� bs%�j�� I�{B8}BR$�$Bt $R }��PB�8�I Bt �Y�
jZ8$tst{� {B8}Bt�t�� G$�Y ��P���t{� �B 3$�� 1� �Y� h�R� j�%�j BP �Y� 8Zj�$��RBjZ�$Bt I�{B8}BR$�$Bt $R BA�s$t�I
Ak }��PB�8$t� s I$R{���� bs%�j�� ��stRPB�8 w*GqD Bt�B V >zd, z1H� yt }s��${Zjs� st M �s} *sZAs{Y$�R hj��� $R
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DWT

DWT of

DWT of

YHHYLH

YLH

Yhl HL,

Yhl LH,

Yhh HL,

Yhh LH,

Ylh HL,

Ylh LH,

Yll HL,

Yll LH,

YHL YHL
YLL

Multiresolution wavelet like decomposition

Embedding
Y n n[ , ]1 2

Y n nemb[ , ]1 2

YHH

Yhl HL,

Yhh HL,Ylh HL,

I LL
n

2
( )

Yhl LH,

Yhh LH,Ylh LH,

Q LL
n

2
( )

YLL

�

3$�Z�� 1U �Zj�$��RBjZ�$BtTj$,� bs%�j�� I�{B8}BR$�$Bt stI RZAAstIR R��Z{�Z�� ��RZj�$t� P�B8 �Y� �8A�II$t� }�B{�RR�

ZR�I� qY$R j�sIR �B �Y� RZAAstIR VUU>zd, z1H stI VUI >zd, z1H� VIU>zd, z1H� stI VII >zd, z1H� bY${Y �s,� $t�B
s{{BZt� �Y� $8s�� s� {Bs�R�� ��RBjZ�$Bt }jZR �Y� XYB�$9Bt�sj"� X%���${sj"� stI XI$s�Btsj" I��s$jR BP �Y� $8s��
sjRB s� {Bs�R�� ��RBjZ�$Bt� ��R}�{�$%�jk�

qY� RZAAstIR VUI >zd, z1H stI VIU>zd, z1H s�� {YBR�t �B YBR� �Y� {Y�B8$tst{� $tPB�8s�$Bt� qY� �s�$Btsj
A�Y$tI �Y$R {YB${� ��j$�R Bt �Y� BAR��%s�$Bt �Ys�� $t B�I�� �B BA�s$t s �BBI ��sI�TB& A��b��t �BAZR�t�RR stI
��stR}s��t{k� 8stk bs���8s�,$t� ��{Yt$JZ�R w���� R�� i�PR� d1� dn stI ��P���t{�R �Y���$tD ZR� X8$IIj� P��T
JZ�t{k" {B�^{$�t�R� qY$R 8s,�R �Y� RZAAstIR VUI >zd, z1H stI VIU>zd, z1H RZ$�sAj� �B YBR� �Y� Is�s� bY���sR
�Y� RZAAstI VII >zd, z1H $R tB��

qY�t �Y� RZAAstIR VUI >zd, z1H� VIU>zd, z1H s�� PZ��Y�� bs%�j�� I�{B8}BR�I �YZR j�sI$t� �B �Y� RZAAstIR
V
,#>zd, z1H b$�Y 
 ; \qq, _q, q_, __i stI # ; \IU,UIi 	� yt }s��${Zjs�� Vqq,IU>zd, z1H stI Vqq,UI >zd, z1H
��}��R�t� �Y� jBbT}sRR RZAAstIR� s� {Bs�R�� ��RBjZ�$Bt� BA�s$t�I P�B8 �Y� Y$�Y P��JZ�t{k RZAAstIRVIU>zd, z1H
stI VUI >zd, z1H ��R}�{�$%�jk� y� $R �-}�{��I �Ys� �Y�$� �t���k {Bt��$AZ�$Bt $R ��js�$%�jk R8sjj {B8}s��I �B �Y�
�t���k BP �Y� ��8s$t$t� RZAAstIR BP �Y� R�� V
,# >zd, z1H� qYZR� �Y�k {st A� t��j�{��I b$�YBZ� $8}s$�$t� �Y�
JZsj$�k BP �Y� ��{BtR��Z{��I $8s���

qY$R {Bt`�{�Z�� YsR A��t �-}��$8�t�sjjk %��$h�I Z}Bt s b$I� �st�� BP $8s��R: �k}BjB�k ZR$t� AB�Y RZA`�{�$%�
�%sjZs�$Bt {�$���$s RZ{Y sR %$RZsj }��{�}�$A$j$�k 8�sRZ��R stI BA`�{�$%� Bt�R j$,� �Y� _�s, 7$�tsj �B WB$R� is�$B
w_7WiD� �$%�t Ak

hC]p ) d( jB�d(

w
1xx1

-Co

W
>Q4H

bY���

-Co )
d

]1

]�d3
ze)(

]�d3
z3)(

wV >zd, z1H� VELQ>zd, z1HD
1

$R �Y� 8�st RJZs�� ���B� A��b��t �Y� B�$�$tsj $8s��V >zd, z1H� BP]-] }$-�jR� stI s 8BI$h�I ��}j${sVELQ>zd, z1H�
qB sRR�RR �Y� ��t��sj }��{�}�Zsj $���j�%st{� BP �Y� Vqq,IU>zd, z1H stI Vqq,UI >zd, z1H AstIR� b� {BtR$I�� s R��$�R

	qY$R $R �Y� Zt{Bt%�t�$Btsj }s�� BP �Y� R{Y�8� A�{sZR� ZRZsjjk �Y� VUU>zd, z1H AstI $R PZ��Y�� I�{B8}BR�I $tR��sI BP
$�R I��s$jR� <Bb�%��� BZ� }�B}BR�I I�{B8}BR$�$Bt $R t�{�RRs�k PB� st s}}�B}�$s�� {B8}�B8$R� A��b��t $8}��{�}�$A$j$�k
stI �BAZR�t�RR BP BZ� �8A�II$t� R�s�� sR b� b$jj I$R{ZRR js��� $t �Y� R�{�$Bt�

Proc. SPIE Vol. 4675 233



hC]pF��L�Q hC]p�EK�Q

 sABBt nn�; n1�d
N�ts nE�1 nx�n

qsAj� dU _�s, 7Wi�

BP ��R� $8s��R b$�Y b$I�jk %s�k$t� {Ys�s{���$R�${R� 3B� �s{Y $8s��� s 8BI$h�I ��}j${s $R }�BIZ{�I Ak 9��B$t�
Btjk �Y� RZAAstIR Vqq,IU>zd, z1H stI Vqq,UI >zd, z1H stI ,��}$t� �Y� ��8s$t$t� }��P�{�jk $t�s{�� qY� _7WiR BP
�Y� ��RZj�$t� $8s��R wI�tB��I Ak hC]pF��L�QD s�� }��R�t��I $t �Y� h�R� {BjZ8t BP qsAj� d� qY� %sjZ�R s��
��sRBtsAjk Y$�Y� $t sII$�$Bt� �Y��� $R tB }��{�}�Zsj {Yst�� $t �Y� JZsj$�k BP �Y� 8BI$h�I R$�tsjVELQ>zd, z1H $t
�s{Y ��R� {sR�� qY���PB��� �Y�R� }��{�}�Zsjjk t��j$�$Aj� AstIR {st A� 9��B�I stI ��}js{�I b$�Y �Y� {Y�B8$tst{�
$tPB�8s�$Bt�

<Bb�%��� �Y� {Y�B8$tst{� AstIR t��I �B A� }��}�B{�RR�I A�PB�� �Y� �8A�II$t� $t B�I�� �B BA�s$t s }s�R$8BT
t$BZR ��}��R�t�s�$Bt� 3Z��Y��8B��� �Y�k ZtI���B s �bB j�%�j bs%�j�� I�{B8}BR$�$Bt� 7$t{�� sR sj��sIk BZ�j$t�I�
�Y�$� AstIb$I�Y $R 8Z{Y R8sjj�� �Yst �Y� jZ8$tst{�:R Bt�� �Y� RZAAstIR {1UU>zd, z1H stI <1UU>zd, z1H� �Ys� $R
�Y� jBb}sRR {Y�B8$tst{� ��}j${sR s� �Y� {Bs�R�R� ��RBjZ�$Bt BP �Y� }��PB�8�I }k�s8$Isj I�{B8}BR$�$Bt� {st A�
ZR�I �B ��{BtR��Z{� �Y� {BjB� $8s�� b$�YBZ� stk }��{�}�Zsj JZsj$�k jBRR�

qY���PB�� b� {YBBR� �B �8A�I {1UU>zd, z1H stI<1UU>zd, z1H $t�B �Y� RZAAstIR Vqq,IU>zd, z1H stI Vqq,UI >zd, z1H
bY${Y Ys%� A��t }��%$BZRjk 9��B�I� �YZR BA�s$t$t� V�EK>zd, z1H wR�� 3$�� 1D� <Bb�%��� A�PB�� �Y� �8A�II$t��
�Y� �t���$�R BP {1UU>zd, z1H stI <1UU>zd, z1H Ys%� �B A� tB�8sj$9�I �B �Y� %sjZ�R BP �Y� {B���R}BtI$t� YBR�
RZAAstIR sR tB� �B $8}s$� �Y� }��{�}�Zsj s}}�s�st{� BP �Y� ��{BtR��Z{��I $8s��� y� RYBZjI A� tB��I �Ys� �Y�
tB�8sj$9s�$Bt %sjZ�R Ys%� �B A� ��stR8$���I �B �Y� I�{BI�� R$t{� �Y�k s�� t�{�RRs�k �B ��{BtR��Z{� }�B}��jk �Y�
{BjB� $tPB�8s�$Bt� qB �Y$R �tI �Y�k {st A� �8A�II�I $t �Y� Y�sI�� BP �Y� $8s���

G� Ys%� �-}��$8�t�sjjk %��$h�I �Ys� �Y� sPB��8�t�$Bt�I �8A�II$t� }�B{�IZ�� {sZR�R tB }��{�}�Zsj I���sT
Is�$Bt �B �Y� jZ8$tst{� {B8}Bt�t� BP �Y� R$�tsj� 7B8� BP �Y�R� ��RZj�R s�� ��}B���I $t 3$�� n bY���V�EK>zd, z1H�
�Y� jZ8$tst{� $8s�� {B8}Bt�t� b$�Y �Y� �8A�II�I {Y�B8$tst{� $tPB�8s�$Bt� $R RYBbt PB� I$&���t� ��R� {sR�R�

y� {st A� BAR��%�I �Ys� �Y� jZ8$tst{� sP��� �Y� �8A�II$t� s}}�s�R }��{�}�Zsjjk $tI$R�$t�Z$RYsAj� P�B8 �Y�
YBR� $8s��� VjRB s JZst�$�s�$%� �%sjZs�$Bt $R }��PB�8�I Ak {sj{Zjs�$t� �Y� _7Wi� I�tB��IhC]p�EK�Q� bYBR�
%sjZ�R PB� I$&���t� ��R� $8s��R� s�� }��R�t��I $t �Y� R�{BtI {BjZ8t BP qsAj� d�

qY� htsj R��} BP �Y� sj�B�$�Y8 {BtR$R�R BP �Y� sIs}�$%� {B8}��RR$Bt R�s�� wR�� 3$�� dD �Ys� {BI�R �s{Y BP �Y�
V�EK>zd, z1H XRZAAstIR" R�}s�s��jk $t B�I�� �B �Zs�st��� �Y� I�R$��I A$� �s��� ��js��I �B �Y� 8s-$8Z8 I$R�B��$Bt
sjjBb�I� PB� �s{Y RZAAstI� 7}�{$h{sjjk� s bs%�j��TAsR�I {BI�� $R ZR�I $tR��sI BP s *]qTAsR�I {BI��� $� YsR A��t
}�B%�t �Ys� bs%�j�� AsR�I {BI��R }�B%$I� A����� �s��TI$R�B��$Bt }��PB�8st{� �Yst �Y� *]qTAsR�I F_ep stI
sjRB sjjBb s }�B���RR$%� {BI$t� s}}�Bs{Y�d; qY� 8��YBI BP R�� }s��$�$Bt$t� $t Y$��s�{Y${sj ���� w7_y<qD YsR
A��t �8}jBk�I $t �Y� }�B}BR�I R{Y�8��

V� �Y� ��{�$%$t� R$I�� �Y� {BjB� $8s�� $R ��{BtR��Z{��I� P�B8 �Y� {B8}��RR�I A$� R���s8� }��PB�8$t� IZsj
B}��s�$BtR BP �Y� Bt�R IBt� IZ�$t� �Y� {BI$t� R�s��� 3$�R� �Y� R$t�j� RZAAstIR s�� I�{BI�I� �YZR BA�s$t$t� st
�R�$8s�$Bt wI�tB��I Ak�D �V�EK>zd, z1H BP V�EK>zd, z1H� qY�t �{1UU>zd, z1H stI �<1UU>zd, z1H s�� �-��s{��I stI

�Y� {B8}Bt�t�R �{>zd, z1H stI �<>zd, z1H s�� BA�s$t�I Ak s}}jk$t� s �bB j�%�j $t%��R� *Gq� VP��� Ys%$t� 9��B�I�Vqq,IU>zd, z1H stI �Vqq,UI >zd, z1H� �Y� RZAAstIR �VIU>zd, z1H stI �VUI >zd, z1H s�� ��{BtR��Z{��I Ak }��PB�8$t� s
Bt� j�%�j $t%��R� *Gq� 3$tsjjk st �R�$8s�$Bt BP �Y� jZ8$tst{� �V >zd, z1H $R s{Y$�%�I�

;� 7y�=NVqy!W ie7=Nq7

yt �Y$R R�{�$Bt �Y� �&�{�$%�t�RR BP �Y� }�B}BR�I 8��YBI $R I$R{ZRR�I� e-}��$8�t�s�$BtR Ys%� A��t }��PB�8�I
Bt {BjB� $8s��R ��}��R�t��I Ak 1; A}}� bYBR� jZ8$tst{� {B8}Bt�t�R wOD stI bYBR� {Y�B8$tst{� {B8}Bt�t�R
wy stI +D s�� I$R}jsk�I $t 3$�R� ;� x wjZ8$tst{�D� $t 3$�R� E� � w{Y�B8$tst{� yD stI $t 3$�R� M� � w{Y�B8$tst{�
+D ��R}�{�$%�jk�
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3$�Z�� n� 3$�R� �BbU j�P�U B�$�$tsj ��skR{sj�  sABBt� �$�Y�U  sABBt b$�Y �Y� {Y�B8$tst{� {B8}Bt�t�R y stI + �8A�II�I�
7�{BtI �BbU j�P�U B�$�$tsj ��skR{sj� N�ts� �$�Y�U N�ts b$�Y �Y� {Y�B8$tst{� {B8}Bt�t�R y stI + �8A�II�I�

yt �Y� Rs8� h�Z��R �Y� {B���R}BtI$t� {B8}��RR�I ��}j${sR BA�s$t�I ZR$t� �Y� }�B}BR�I s}}�Bs{Y s�� RYBbt�
�B��B%�� PB� �Y� Rs,� BP {B8}s�$RBt� s�� sjRB RYBbt �Y� {B8}��RR�I %��R$Bt BP �Y� B�$�$tsj $8s��R BA�s$t�I
ZR$t� F_ep stI 7_y<q� qY� {BjB� $8s��R Ys%� A��t {B8}��RR�I s� w(3dx A}}� stI (3;x A}}D� y� $R bB��Y
}B$t�$t� BZ� �Ys� s� �Y� A$� �s�� (3dx A}} �Y� F_ep {B8}��RR�I $8s��R Ys%� A��t {B8}��RR�I s� (31x A}}�
$tR��sI BP (3dx A}}� R$t{� �Y� F_ep {BI�� IB�R tB� sjjBb PZ��Y�� {B8}��RR$Bt� y� $R �%$I�t� �Ys� �Y� }�B}BR�I
8��YBI }��PB�8R A����� �Yst F_ep stI BZ�}��PB�8R 7_y<q �Ys� $R tB� B}�$8$9�I PB� {BjB� $8s��R�

qY� sRR�RR8�t� BP �Y� }��PB�8st{� BP �Y� }�B}BR�I 8��YBI ��JZ$��R �Y� JZst�$h{s�$Bt BP �Y� }��{�}�Zsj
���B� A��b��t �bB {BjB� $8s��R� qB �Y$R �tI b� ��RB�� �B ZR� �Y� }��{�}�$%� Zt$PB�8 {BjB� R}s{�U	 y	 K	 stI
�B �8}jBk sR 8���${ �Y� tB�8sj$9�I {BjB� I$R�st{� wW]*Ddx I�ht�I sR PBjjBbR

W]* )

�]e�d

ze)(

�]3�d

z3)(
�o>zd, z1H�]e�d

ze)(

�]3�d

z3)(
o>zd, z1H

wdD

bY��� �o>zd, z1H $R �$%�t Ak

�o>zd, z1H )
0
wU	L>zd, z1H� U	� >zd, z1HD

1 L wy	L>zd, z1H� y	� >zd, z1HD
1 L wK	L>zd, z1H� K	� >zd, z1HD

1 w1D

Ys%$t� $tI${s��I b$�Y �Y� RZA $tI${�R XB" stI X{" �Y� {BjB� {B8}Bt�t�R BP �Y� B�$�$tsj stI {B8}��RR�I $8s��
��R}�{�$%�jk stI b$�Y o>zd, z1H )

0
wU	L>zd, z1HD

1 L wy	L>zd, z1HD
1 L wK	L>zd, z1HD

1 �Y� eZ{j$I�st tB�8 BP �Y� }$-�j
$t }BR$�$Bt >zd, z1H A�jBt�$t� �B �Y� Zt{B8}��RR�I $8s���

qY$R JZst�$�s�$%� }��PB�8st{� �%sjZs�$Bt� s� I$&���t� A$� �s��R w(3dx A}} stI (3;x A}}D� $R }��PB�8�I Bt
�Y� $8s��R BA�s$t�I Ak s}}jk$t� BZ� {B8}��RR$%� Is�s Y$I$t� s}}�Bs{Y� F_ep stI 7_y<q b$�Y ��R}�{� �B �Y�
B�$�$tsj $8s�� stI �Y� ��RZj�R s�� RYBbt $t qsAj� 1�

yt �Y$R bsk� BZ� R{Y�8�� sR BZ�j$t�I $t 7�{�$Bt 1� {st A� R��t sR }BRR$Aj� $8}�B%�8�t� PB� 8��YBIR �Ys� IB
tB� }��PB�8 B}�$8sjjk PB� {BjB� $8s��R�
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3$�Z�� ;� 3$�R� �BbU  sABBt� R�{BtI �BbU N�ts� 3�B8 j�P� �B �$�Y�U jZ8$tst{� {B8}Bt�t� BP �Y� B�$�$tsj $8s��
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